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FEDERAL A V I A T I O N  A D M I N I S T R A T I O N  

1. PURPOSE. T h i s  a d v i s o r y  c i r c u l a r  p r o v i d e s  i n f o r m a t i o n  and  s u g g e s t s  
p r o c e d u r e s  t o  i n c r e a s e  c r a n k s h a f t  s e r v i c e  l i f e  and  t o  m i n i m i z e  c r a n k s h a f t  
f a i l u r e s .  

2 .  GENERAL. 

a .  A l t h o u g h  a  h i g h  l e v e l  o f  s a f e t y  i s  p r o v i d e d  i n  t h e  d e s i g n  o f  
e n g i n e  c r a n k s h a f t s ,  f a i l u r e s  d o  o c c u r .  R e p o r t s  i n d i c a t e  t h a t  c r a n k s h a f t  
f a i l u r e s  c a n  b e  a t t r i b u t e d  t o :  

(1) M a t e r i a l  d e f e c t s ,  which  a r e  few i n  number.  

( 2 )  M a n u f a c t u r i n g  d e f e c t s  t h a t  a r e  m i n i m a l  due  t o  t h e  a p p l i c a t i o n  
o f  q u a l i t y  c o n t r o l  and i n s p e c t i o n  p r o c e d u r e s  employed by t h e  m a n u f a c t u r e r s .  

( 3 )  O v e r h e a t i n g  c a u s e d  by i m p r o p e r  o p e r a t i n g / m a i n t e n a n c e  t e c h n i q u e s .  

4 O v e r s t r e s s  d u e  t o  i m p r o p e r  o p e r a t i n g  t e c h n i q u e s ,  o u t  o f  b a l a n c e  
c o n d i t i o n ,  o r  u n d e t e c t e d  damage f o l l o w i n g  a n  a c c i d e n t  o r  i n c i d e n t .  

b .  A i r c r a f t  o w n e r s / o p e r a t o r s  a n d  m a i n t e n a n c e  p e r s o n n e l  h a v e  n o  c o n t r o l  
o v e r  material o r  m a n u f a c t u r i n g  d e f e c t s  t h a t  c a u s e  c r a n k s h a f t  f a i l u r e s .  
However,  w i t h  p r o p e r  a t t e n t i o n  t o  e n g i n e  o p e r a t i o n  and m a i n t e n a n c e  t e c h n i q u e s ,  
c r a n k s h a f t  f a i l u r e s  r e l a t e d  t o  o v e r h e a t i n g  a n d  o v e r s t r e s s  c a n  be  r e d u c e d .  

3 .  OVERHEATING. 

a .  The f o l l o w i n g  may c a u s e  c r a n k s h a f t  damage d u e  . to  o v e r h e a t i n g :  

(1) B e a r i n g  s p i n  c a u s e s  h e a t  and r e f e r s  t o  a c o n n e c t i n g  r o d  o r  
c r a n k s h a f t  main b e a r i n g  r o t a t i n g  i n  i t s  m o u n t i n g .  C r a n k s h a f t  damage i s  
u s u a l l y  d u e  t o  o i l  s t a r v a t i o n .  
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( 2 )  F i l l e t  r i d e  c r e a t e s  h e a t  and r e f e r s  t o  a  c o n d i t i o n  where 
t h e  c r a n k s h a f t  r i d e s  a  c u r v e d  f i l l e t  a r e a  on a  c o n n e c t i n g  r o d ,  t h r u s t ,  o r  
main b e a r i n g .  The c o n d i t i o n  o c c u r s  w i t h o u t  p r e s e n c e  o f  a n  o i l  f i l m ,  and 
e x c e s s i v e  h e a t  i s  g e n e r a t e d  i n  a  l o c a l  a r e a  o f  t h e  c r a n k s h a f t .  The c o n d i t i o n  
u s u a l l y  d e v e l o p s  from wear on e n g i n e  p a r t s .  

( 3 )  Engine  o i l  o v e r t e m p e r a t u r e  may r e s u l t  i n  improper  l u b r i c a t i o n  
by t h i n n i n g  o f  t h e  o i l .  Improper  o p e r a t i n g  t e c h n i q u e s  a r e  most  o f t e n  t h e  
c a u s e  o f  o i l  o v e r t e m p e r a t u r e .  

( 4 )  Contaminated  o i l  r e s u l t i n g  i n  improper  l u b r i c a t i o n  o r  o i l  
s t a r v a t i o n .  

( 5 )  Improper  e n g i n e  p r e - o i l i n g  when new, o v e r h a u l e d ,  o r  a f t e r  a 
l o n g  shutdown p e r i o d .  

( 6 )  Overboos t  o f  s u p e r c h a r g e d  e n g i n e s  c o n t r i b u t e s  t o  o v e r h e a t i n g  a s  
w e l l  as o v e r s t r e s s  o f  p a r t s .  

'b. Repa i r  f o l l o w i n g  any  o f  t h o s e  c o n d i t i o n s  s h o u l d  i n c l u d e  i n s p e c t i o n  
and c o n s i d e r a t i o n  o f  c r a n k s h a f t  damage which c o u l d  l e a d  t o  comple te  
c r a n k s h a f t  f a i l u r e .  

4 .  OVERSTRESS. C r a n k s h a f t s  a r e  v e r y  s u s c e p t i b l e  t o  o v e r s t r e s s .  The 
o r i g i n a l  d e s i g n  o f  t h e  c r a n k s h a f t  p r o v i d e s  f o r  normal l o a d s ;  however,  i f  
a d d i t i o n a l  v i b r a t o r y  s t r e s s  o r  i n c r e a s e d  f o r c e  a r e  imposed ,  s t r u c t u r a l  
f a i l u r e  can  be i n d u c e d .  Common c a u s e s  o f  s t r u c t u r a l  o v e r l o a d  a r e :  

a .  A p r o p e l l e r  o u t - o f - b a l a n c e  o r  o u t - o f - t r a c k  c o n d i t i o n .  

b .  A p r o p e l l e r  s t r i k e  r e s u l t i n g  i n  sudden s t o p p a g e .  

c .  A l i q u i d - l o c k  t h a t  o c c u r s  when t h e  combust ion  chamber i s  f i l l e d  
w i t h  f u e l  o r  o i l  and i s  u s u a l l y  e n c o u n t e r e d  a t  i n i t i a l  s t a r t - u p  and i s  
caused  by o v e r p r i m i n g  o r  o i l  f i l l i n g  t h e  c y l i n d e r s  d u r i n g  l o n g  p e r i o d s  
o f  e n g i n e  shutdown.  As a  r e s u l t  o f  l i q u i d - l o c k ,  t h e  p i s t o n ,  c o n n e c t i n g  r o d ,  
c y l i n d e r ,  and c r a n k s h a f t  s u f f e r  v e r y  h i g h  s t r e s s  i f  any  a t t e m ~ t  i s  made tc 
o p e r a t e  t h e  e n g i n e .  

d .  A d e t u n i n g  o f  c o u n t e r w e i g h t s  on b a l a n c e  weight -equipped  c r a n k s h a f t s  
i s  a s o u r c e  o f  o v e r s t r e s s  f o r  t h e  c r a n k s h a f t .  Many e n g i n e s  a r e  f i t t e d  w i t h  
b a l a n c e  w e i g h t s  mounted on p i n s  r u n n i n g  i n  p r e c i s i o n  ground bush ings  a s  an 
i n t e g r a l  p a r t  o f  t h e  c r a n k s h a f t .  The c o u n t e r w e i g h t s  a r e  d e s i g n e d  t o  p o s i t i o r ,  
t h e m s e l v e s  by t h e  i n e r t i a  f o r c e s  g e n e r a t e d  d u r i n g  c r a n k s h a f t  r o t a t i o n  and 
e f f e c t i v e l y  a b s o r b  and dampen c r a n k s h a f t  v i b r a t i o n .  I f  t h e  c o u n t e r w e i g h t s  
a r e  d e t u n e c  ( a l l o w e d  t o  s l am on m o u n t s ) ,  t h e  v i b r a t i o n s  a r e  n o t  p r o p e r l y  
dampened and c r a n k s h a f t  f a i l u r e  c a n  o c c u r ,  Counterweight  d e t u n i n g  can  occu r  
f r o %  r a p i d  opening  and c l o s i n g  o f  t h e  t h r o t t l e ,  e x c e s s i v e  s p e e d ,  e x c e s s i v e  

Page 2 Par 5 



3/7/78 AC 20-103 

power, o p e r a t i n g  a t  h igh  e n g i n e  speed  and low m a n i f o l d  p r e s s u r e ,  and improper  
f e a t h e r i n g  p r o c e d u r e s .  

e .  Overboos t  o f  supe rcha rged  
c r a n k s h a f t .  

f .  A c c i d e n t / i n c k d e n t  damage. 
c r a n k s h a f t  damage, i f  a  p r o p e l l e r  
i s  i n v o l v e d .  

e n g i n e s  a p p l i e s  h igh  s t r e s s  t o  t h e  

S p e c i a l  c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  
s t r i k e ,  s e v e r e  v i b r a t i o n ,  o r  impac t  damage 

g .  D e t o n a t i o n  o r  p r e - i g n i t i o n  caused  by imprope r  f u e l  l e a n i n g  p r o c e d u r e s ,  
e x c e s s i v e  c y l i n d e r  head t e m p e r a t u r e s ,  o r  improper  i g n i t i o n .  

h .  O p e r a t i o n  a t  c r i t i c a l  v i b r a t i o n  c o n d i t i o n s  t h a t  may o c c u r  d u r i n g  a 
one  c y l i n d e r - o u t  s i t u a t i o n  o r  a  r e s t r i c t e d  speed  r a n g e .  

RECOMMENDATIONS. 

a .  O p e r a t i n g  p r o c e d u r e s .  Adhere t o  m a n u f a c t u r e r ' s  o p e r a t i n g  i n s t r u c t i o n s  
and a v o i d  o v e r h e a t i n g ,  d e t u n i n g ,  l i q u i d - l o c k ,  and o v e r b o o s t .  Observe  e n g i n e  
speed  and power o u t p u t  l i m i t a t i o n s .  Observe any s p e c i a l  p l a c a r d s  t o  a v o i d  
c r i t i c a l  RPM. 

b .  Main tenance  p r o c e d u r e s .  

(1) Maintenance  p e r s o n n e l  s h o u l d  c o n s i d e r  c r a n k s h a f t  damage i f  a  
p r o p e l l e r  s t r i k e ,  sudden s t o p p a g e ,  o r  l i q u i d - l o c k  o c c u r s .  C r a n k s h a f t  
damage s h o u l d  a l s o  be c o n s i d e r e d  when r e p a i r i n g  p i s t o n  o r  c o n n e c t i n g  rod  
f a i l u r e ,  g e a r  t r a i n  f a i l u r e ,  l o s s  o f  o i l  p r e s s u r e ,  and o t h e r  e n g i n e  mal func-  
t i o n s  and problems.  F requen t  c h e c k s  o f  p r o p e l l e r  t r a c k  and b a l a n c e  w i l l  
r educe  u n d e s i r e d . v i b r a t o r y  s t r e s s .  Concern f o r  p r o p e r  q u a n t i t y  and q u a l i t y  
o f  o i l  w i l l  a i d  i n  r e d u c i n g  f r i c t i o n  h e a t .  P rope r  r i g g i n g  and o p e r a t i o n  
o f  o i l  c o o l e r  and cowl f l a p s  w i l l  r educe  h e a t i n g  p rob lems .  

( 2 )  The e n g i n e ' s  w o r s t  enemy i s  con tamina t ed  o i l  t h a t  e v e n t u a l l y  
c l o g s  t h e  e n g i n e  o i l  p a s s a g e s  r e s u l t i n g  i n  o i l  s t a r v a t i o n  t h a t  s t a r t s  t h e  
d e t e r i o r a t i o n s  cf p a r t s ,  c r e a t i n g  o v e r h e a t i n g  and c r a n k s h a f t  d i s t r e s s .  
Fol low t h e  m a n u f a c t u r e r ' s  recommendations f o r  chang ing  t h e  o i l .  Keeping 
t h e  e n g i n e  o i l  c l e a n  w i l l  h e l p  i n c r e a s e  e n g i n e  l i f e  and r e l i a b i l i t y .  

( 3 )  Be fo re  s t a r t i n g  an  e n g i n e  t h a t  i s  new, o v e r h a u l e d ,  o r  h a s  been 
shutdown f o r  a  l o n g  p e r i o d  o f  t i m e ,  p a r t i c u l a r  a t t e n t i o n  s h o u l d  be g i v e n  
t o  p r e - o i l i n g ,  e s p e c i a l l y  d u r i n g  c o l d  w e a t h e r .  The p r e - o i l i n g  p r o c e d u r e  
recommended by t h e  e n g i n e  m a n u f a c t u r e r  s h o u l d  be fo l lowed  t o  p r e c l u d e  
t h e  o p e r a t i o n  o f  an  e n g i n e  w i t h o u t  s u f f i c i e n t  l u b r i c a t i o n .  

(4) Most c r a n k s h a f t s  a r e  n i t r i d e d  t o  i n c r e a s e  t h e  b e a r i n g  j o u r n a l  
s u r f a c e  h a r d n e s s .  The removal  o f  n i t r i d e  d u r i n g  o v e r h a u l  o r  r e p a i r  of  a  
c r a n k s h a f t  c an  r e s u l t  i n  a  s t r e s s  r i s e r  and e v e n t u a l  c r a n k s h a f t  f a i l u r e .  
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Accord ing ly ,  p a r t i c u l a r  a t t e n t i o n  s h o u l d  be g i v e n  t o  t h e  g r i n d i n g  limits 
recommended by t h e  e n g i n e  m a n u f a c t u r e r .  

( 5 )  P r e s e n t  day  a i r c r a f t  e n g i n e s  des igned  w i t h  h i g h e r  c y l i n d e r  
p r e s s u r e s  f o r  inc reased  e f f i c i e n c y  aria horsepower r e q u i r e  g r e a t e r  accuracy 
i n  i g n i t i o n  t i m i n g .  Improper  e n g i n e  per formance ,  burned p i s t o n s ,  f a i l u r e s  
o f  e n g i n e  c r a n k s h a f t s ,  and e n g i n e  f a i l u r e s  have been t r a c e d  d i r e c t l y  t o  
i m p r o p e r l y  t imed i g n i t i o n  and i n a d e q u a t e  i g n i t i o n  sys t em i n s p e c t i o n .  The 
d e g r e e  o f  a c c u r a c y  n e c e s s a r y  t o  c o r r e c t l y  t i m e  t h e  i g n i t i o n  can  be  o b t a i n e d  
by f o l l o w i n g  t h e  recommended p r o c e d u r e s  p rov ided  by t h e  m a n u f a c t u r e r  f o r  
e a c h  e n g i n e  model.  

( 6 )  When a n  e n g i n e  e x p e r i e n c e s  a n  o v e r s p e e d ,  a n  o v e r b o o s t ,  o r  a  
c o n n e c t i n g  rod  f a i l u r e ,  t h e  c r a n k s h a f t  i s  s u b j e c t e d  t o  abnormal  s t r e s s  
l e v e l s .  A d e t a i l e d  i n s p e c t i o n  may be  n e c e s s a r y  t o  l o c a t e  p o s s i b l e  c r ank -  
s h a f t  d i s t r e s s .  The i n s p e c t i o n  s h o u l d  be accompl ished  i n  acco rdance  w i t h  
t h e  e n g i n e  m a n u f a c t u r e r ' s  recommendations.  

/,/JAMES M. VINES / , Acting D i r e c t o r  
F l i g h t  Standards S e r v i c e  
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